Introduction
Chronic obstructive pulmonary disease (COPD) has a major and growing impact on global health burden. In 2004, COPD accounted for 5.1% of deaths worldwide, with this proportion expected to rise to 8.6% by 2030 -in line with the projected increases in tobacco use -making COPD the third leading cause of death. 1 System and analyzed by the US Center for Disease Control and Prevention reveal extensive activity and work limitation among adults self-reporting COPD. 2 COPD was associated with an almost 5-fold increase in inability to work, a 3-fold increase in activity limitation due to health problems and a .3-fold increase in difficulty walking or climbing stairs. For many patients, the cycle is self-perpetuating, with a lack of physical activity fostering ongoing activity limitation in other aspects of daily life. 2 Activity impairment in COPD is particularly pertinent, given that physical activity is a strong predictor of mortality in COPD patients. 3 The progression of symptoms and the subsequent reduction in daily activities contribute collectively to a gradual deterioration in the patient's health-related quality of life. 4 It is not surprising that from the perspective of the patient, the improvement of symptoms and enhancement of ability to engage in the normal activities of daily living (eg, family routine and, if applicable, work) are desirable goals of COPD management. 4, 5 A recent update to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy document placed an increased emphasis on symptom relief in COPD by allowing symptomatic assessment to inform the choice of management strategy. 5 In order to achieve this, GOLD recommended the use of validated and reliable questionnaires such as the COPD Assessment Test™ (CAT; GlaxoSmithKline, Brentford, UK) in routine daily clinical practice. The result is a patient assessment system that takes into account both the current impact of a patient's symptoms and their likelihood of having a serious exacerbation -indicative of disease progression -in the future, thereby individualizing the treatment strategy adopted.
A previous study conducted in the USA showed that health care resource utilization (HCRU) and associated costs for a group of 17,382 managed care patients with chronic bronchitis were substantial, despite the use of COPD maintenance medications. The number of baseline exacerbations was a significant predictor of all-cause and COPD-related total costs in this study, but data were not stratified according to symptom severity. 6 The objectives of our study were: 1) to examine the proportion of patients with COPD who had a symptomatic burden according to CAT score and 2) to explore the association between symptomatic burden (CAT score) and HCRU, and work productivity and activity impairment (WPAI).
Methods
Data were derived from the disease-specific program (DSP), a survey designed to provide impartial observations of routine clinical practice from a physician and matched patient perspective, with a view to improving standards of care. 7 Quantitative and qualitative patient and physician data together provide an accurate snapshot of the perception of a particular disease, without preselection of patients. The survey can be viewed as four discrete stages: 1) the screening and recruitment of primary care/specialist physicians; 2) individual interviews with the physicians; 3) the prospective completion, by the physician, of patient record forms for the next consecutive five patients with COPD and 4) the return of patient self-completion records that were completed independently of their physicians. 7 The Adelphi Respiratory DSPs were surveys conducted in 2010 (China) and 2013 (the USA and Europe) as market research adhering to the International Chamber of Commerce/European Society for Opinion and Marketing Research international code on observational research; therefore, ethics approval was not necessary to obtain and was not sought. Patients provided written informed consent to participate in the survey. All data were anonymized and aggregated prior to receipt by Adelphi Real World.
study populations Patients and physicians
The patient population comprised adults aged .40 years with confirmed airflow obstruction and a diagnosis of COPD consulting for routine care. These criteria included patients with emphysema and chronic bronchitis and excluded patients with a concomitant diagnosis of asthma. Although a COPD diagnosis based on spirometry measurements is desirable, it is acknowledged that this is not always possible or recorded in routine clinical practice. All patients agreeing to participate in the survey completed a questionnaire that included the full CAT questionnaire, with no influence or input from the physician or nurse. Physicians were eligible for participation in the study if they had qualified within the last 5-35 years and were responsible for the treatment of patients with asthma and patients with COPD.
Variables
Outcome variables were recorded directly by the patient or physician, or were derived from the patient questionnaire. Descriptive variables included age, gender, race, body mass index, smoking status and history, employment status, comorbidities, most recent forced expiratory volume in 1 second (FEV 1 , % predicted), current COPD medications and the number of exacerbations in the last 12 months. Physicians also provided HCRU information pertaining 
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COPD symptom burden, health care utilization and work impairment to the number of patient visits for COPD, either at their practice or elsewhere, and the number of exacerbations requiring hospitalization, within the last 12 months. Patient questionnaire-derived variables included mean CAT score and CAT score range (0-9, 10-19, 20-29 and 30-40) and the WPAI questionnaire. 8 WPAI data were not collected for patients in the China cohort.
statistical analyses
Data were analyzed collectively and as three separate regions: Europe (5EU: France, Germany, Italy, Spain and the UK), China and the USA. All analyses were performed using Stata 13.1 (Stata Statistical Software: release 13; StataCorp LP, College Station, TX, USA).
CAT scores were modeled as a continuous independent variable ranging from 0 to 40. A regression approach was used to measure the association between CAT scores and WPAI scores or HCRU variables, allowing for the inclusion of confounding variables (eg, age, body mass index, smoking status and history, physician-confirmed diagnosis of depression, anxiety and serious cardiovascular conditions) as covariates. Where the HCRU variable displayed signs of overdispersion, a negative binomial regression model was used. For all other variables, a Poisson regression model was used. For all regression models, the coefficient and P-value (Wald test) associated with the CAT variable were used to determine the relationship between CAT and the given HCRU variable or WPAI score.
WPAI assessments included only patients in Europe and the USA who worked full time or part time. Consistent with validated expression of WPAI scores, results were expressed as percentages for four domains: work time missed (absenteeism), work time impaired (presenteeism), overall work impairment (a combination of absenteeism and presenteeism) and total activity impairment. Data were analyzed using an ordinary least square regression model, with the four domains as dependent variables.
Results

study population
Of 4,143 patients with COPD for whom physicians completed patient record forms within the observation period, 2,166 agreed to participate and completed the patient selfcompletion records ( Table 1 ). The largest patient cohorts were from China (23.6%), the USA (19.1%) and Germany (16.8%). The mean (standard deviation [SD] ) age of the entire study population was 65.1 (10.7) years; 45.5% of the population were aged ,65 years and the majority (66.6%) Table S1 ).
Clinical characteristics
For the entire study population, the mean most recent postbronchodilator FEV 1 was 61.9% of the predicted value (Table 1) . Among patients surveyed in Europe and the USA, 35.7% had experienced $2 exacerbations in the last 12 months that required treatment with oral corticosteroids and/or antibiotics, emergency department (ED) treatment and/or admission to hospital (Table 1) .
CaT scores
Among the three regions studied, the mean (SD) CAT score was highest for China (24.4 [6.1]) and similar for Europe (20.5 [8.3] ) and the USA (20.3 [8.7] ; Figure 1 ). Of the entire study population, 90.4% had a mean CAT score of $10 and 62.3% had a mean CAT score of $20. Almost all (98.2%) of the patients surveyed in China had a mean CAT score of $10 ( Figure 1 ).
Treatment by CaT score
Treatment with single short-acting therapy (not specified as rescue or maintenance medication) was currently prescribed to 5.9% of patients overall (Table 2) . In each region, a greater proportion of patients with a CAT score of 0-9 were prescribed single short-acting therapy, compared with higher CAT score groups (Table 2) . Overall, treatment with maintenance bronchodilator monotherapy (long-acting muscarinic antagonist [LAMA] or long-acting β 2 -agonist [LABA]) was currently prescribed to 18.3% of patients, with regional variations between single LAMA or LABA use (Table 2 ). In Europe and the USA, where LAMAs alone were prescribed much more widely than in China, it was more common for only a LAMA to be prescribed to patients with CAT scores of 0-9 or 10-19 than to those with CAT scores of 20-29 and 30-40 (Table 2 ). Regional differences were also found between prescription of maintenance bronchodilator dual therapy (LABA and LAMA; Table 2 ). In Europe, where use of this treatment was more common than in the other regions, prescribing was similar in each of the CAT score groups ( Table 2) .
Inhaled corticosteroid (ICS)/LABA dual therapy was prescribed for a quarter of patients in the USA and China cohorts and 15.7% of the Europe cohort, and was the most prescribed treatment in the China cohort (Table 2 ). In the USA cohort, similar proportions of patients in each CAT score cohort received ICS/LABA, whereas in China, half of the patients in the CAT 0-9 cohort were using ICS/LABA, although the sample size was small (n=9; Table 2 ). Higher proportions of maintenance triple combination therapy (ICS plus LAMA and LABA) were found in the USA and Europe cohorts (where this was the most prescribed treatment approach) compared with the China cohort. Trends in triple combination prescription by CAT score were different between regions, with similar proportions of prescriptions in all groups in the USA and increasing prescriptions in higher 
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COPD symptom burden, health care utilization and work impairment (Table 2 ). In contrast to Europe and the USA where xanthines are not used, xanthines (used as part of a combination therapy) represented the second and fourth highest treatment strategy in China (Table 2;  Tables S2-S4). hCrU by CaT score Over the 12 months prior to the study period, surveyed patients reported an average (SD) of 6.6 (5. (Table 3) . Multivariate negative binomial regression modeling of HCRU by CAT score revealed a significant association between increased visits to a physician and increasing CAT score. For each unit increase in CAT score, the rate of visits to any physician in the last 12 months increased by a factor of 1.024 (2.4%; P,0.001; Table 4 ). Within this analysis, the number of primary care physician visits was significantly greater with increasing CAT score (incident rate ratio [IRR]: 1.029; P,0.001), as were pulmonologist visits (IRR: 1.012; P=0.007). In the past 12 months, the number of exacerbations requiring ED treatment or hospitalization (unscheduled hospital visits) was significantly greater with increasing CAT score (IRR: 1.112; P,0.001).
WPaI by CaT score
Overall work impairment (absenteeism and presenteeism combined), as quantified by mean WPAI score, was 24.9±21.6 (mean [SD]; Table 3 ). Over the 7 days prior to the study period, a significant association was observed between increasing absenteeism from work and increasing CAT score (coefficient: 0.445; P=0.002; Table 4 ). For each unit increase in CAT score, there was an increase in absenteeism of 0.45% points. Thus, an increase in CAT score of 10 is associated with an increase in absenteeism of 4.5% points. Over the same time period, a higher CAT score was associated with impaired work time (presenteeism; coefficient: 1.680; P,0.001; Table 4 ). Thus, for each unit increase in CAT score, there was an increase in presenteeism of 1.68% points. Likewise, loss of work productivity (overall work impairment) was significantly associated with increasing CAT score (coefficient: 1.739; P,0.001; Table 4 ). Total activity impairment was also significantly associated with increasing CAT score (coefficient: 2.004; P,0.001; Table 4), 
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COPD symptom burden, health care utilization and work impairment so that for each unit increase in CAT score, there was an increase in activity impairment of 2% points.
Discussion
In this study, the majority of patients with COPD (.90% of the total population) presented with a high symptom burden, based on the established threshold value of $10 on the CAT.
5,9
The mean CAT score in our study was 21.3 (median 22; 62.3% had a CAT score $20). This trend was particularly pronounced in China, with almost all of the patients surveyed presenting with a high symptom burden, and may reflect the country's health care system, where patient consultations typically occur in hospitals and are more suggestive of emergency care than routine visits. The CAT cut-point for regular treatment based on symptoms is a score $10, which may be too low to accurately distinguish patients based on the presence of a clinically meaningful symptom burden. 5 The cut-point does correspond to the range of severity typically observed in patients recruited to clinical trials in COPD. 5 The distribution of CAT scores observed herein serves to underline the differences between clinical trial populations and the patient populations that physicians may encounter in routine clinical practice. Our decision to assess CAT scores as a continuous variable from 0 to 40 was intended to capture more accurate information on the impact on HCRU and work/ activity impairment of progressively worse symptoms, and the apparent skewing of our data toward the upper end of the scale justifies such an approach.
Allowing for differences in the study populations, our findings are broadly consistent with those from a cohort of the COPDGene ® study, which found that more patients were grouped within "high symptom" groups (GOLD-B, 24.8%; GOLD-D, 41.0%) than "low symptom" groups (GOLD-A, 29.4%; GOLD-C, 4.9%). 10 Published data have shown that choice of symptom measure can alter the group assignment of patients with COPD. 11 Indeed, a subsequent systematic review and meta-analysis of 17 studies in patients with COPD confirmed that CAT $10 and modified Medical Research Council (mMRC) $2 are nonequivalent criteria for assessing symptom burden. 12 It has been proposed that a lower mMRC-based threshold of grade $1 is equivalent to a CAT score $10 cut-off when seeking to identify patients with low-symptom COPD. 13 Further evidence for the high symptom burden among patients with COPD comes from a global study 14 reporting that while the majority of patients (62%) were allocated to lower symptom groups (mMRC 1 and 2), the rates of exacerbation requiring hospitalization in the 12 months prior to assessment (27% in mMRC groups 1 and 2) exceed those reported in our study (19.6%) , in which the burden of symptoms was notably higher. While we acknowledge that such differences may derive, in part, from reliance on patient-defined criteria for an exacerbation, rather than physician-defined criteria for an exacerbation, this observation does suggest that a high impact of symptoms on day-to-day life is not necessarily indicative of more serious exacerbation-related events.
The study highlighted the disparity in treatment approaches between Europe, the USA and China, although an exception was the large proportion of patients in each region receiving monotherapy or short-acting therapy only, which may not be adequate to provide optimal symptom control. Triple combination therapy of ICS, LABA and LAMA appeared more widely adopted in the USA and Europe than in China. This is despite being widely acknowledged as the current gold standard optimal inhaled therapy for patients with COPD with more symptoms and high risk of exacerbation 
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Ding et al (D classification). 5 In line with these findings, a recent retrospective database review from Taiwan showed excessive use of oral bronchodilators (predominantly xanthines and β 2 -agonists) in China. 15 Although not a specific objective of the study, our data suggest a disconnection between physicians' prescribing practices and COPD treatment guidelines. The reasons for this disparity cannot be established from our data set, although in China, one barrier to effective provision of GOLD-recommended treatments has been identified as the self-administration of nonprescription medicines by individuals with COPD. 16 A particular focus of this study was translating the impact of increments in activity impairment on HCRU and work productivity. Jones et al reported that a CAT score of 5 may prevent patients from performing one or two tasks and a score of 10 means that patients get exhausted easily and usually cannot play sports, whereas a score .30 prevents them from doing most of what they want to do. 9 In our survey, increasing severity of COPD symptoms was directly and significantly associated with HCRU. For each unit increase in CAT score, the rate of unscheduled visits to hospital related to an exacerbation increased by 11.2%. Although establishing a causal relationship between the CAT score and serious exacerbation risk was beyond the scope of the study, this association may serve as a useful marker of exacerbation risk in patients newly diagnosed in a primary care setting and in those perceived to be at low risk of exacerbation.
A noteworthy observation was that while a statistically significant difference was seen in physician visits, the absolute increase in visits to either a primary care physician or a pulmonologist was small. One possible explanation is that patients were self-restrained by their symptoms, given their diagnosis of COPD, and were therefore less inclined to seek medical attention. This sense of low expectation was also observed in the study by Barnes et al, in which many patients (39%) adopted a "wait and see" approach to an exacerbation before seeking medical help. 14 One quarter of the patients in our survey were actively employed and, therefore, their ability to manage their activity impairment in order to continue working is an important factor not only for financial reasons but also for maintaining a feeling of well-being, self-worth and a sense of contributing to society. Previous studies, conducted in US patient populations, have shown a link between HCRU and/or WPAI and the frequency of exacerbations. 6, 17, 18 Our study focused on symptom severity rather than exacerbations and showed that increasing CAT scores were significantly associated with a loss of productivity related to absenteeism (missed days of work) and presenteeism (attending work while sick). In addition, if a minimally important difference is taken to be ~7%, as suggested by research conducted in patients with Crohn's disease, 19 then this is achieved with only a difference of ~4 on the CAT score for both overall WPAI score and activity impairment.
The risk of patient selection bias was a noted limitation of the study design; however, the likelihood was limited by the prospective consecutive sampling approach adopted. This approach was contingent upon the integrity of the participating physician, and adherence to this instruction could not be verified. Furthermore, as patients were enrolled from both a primary care and a specialist setting, this could potentially limit the generalizability of the findings. Further research would be necessary to investigate the differences in outcomes between the specialties of the managing physicians. WPAI data were not collected in China but were assessed in the European Union and the USA, which together comprised the majority of patients (.75%). Another potential limitation is the point-in-time nature of the CAT, in which patients are asked for the "current" impact of their COPD, whereas independent variables are reported over the last 12 months or 7 days. However, this may have reduced the likelihood of finding an association between symptoms at the present day and events over the preceding 12 months. As an outcome measure, the CAT score was considered to provide a comprehensive assessment of a patient's symptom severity over the previous 12 months. This is consistent with the GOLD classification, whereby patients are assigned to a group based on their current CAT score; however, exacerbation risk is determined on the basis of the last 12 months. Given the nonspecific time period of the items of the CAT and the outpatient setting (only 4.6% of patients were consulting the physician for a reason related to an exacerbation), their CAT score can be considered representative of symptoms that extend further than just the current day. This further validates conclusions drawn from the correlation observed between more symptoms and higher HCRU, such as serious exacerbation events. Adjusting for confounding demographic variations, smoking history and selected comorbidities helped to further strengthen the significance of the specific association of inadequate symptom control with higher HCRU and impact on work.
Conclusion
Our study provides important data that support an association between COPD symptom burden and direct/indirect HCRU, 
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COPD symptom burden, health care utilization and work impairment including physician visits and WPAI. The majority of patients with COPD presented with a high level of symptoms according to their CAT score. A substantial proportion of these patients were receiving single short-acting or maintenance bronchodilator monotherapy, which may be indicative of an undertreated symptom burden that warrants an escalated pharmacotherapeutic intervention. Increasing symptom burden was associated with increasing HCRU and an overall detrimental impact on work productivity.
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